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Abstract
The paper deals with parameter optimization method of a railway vehicle bogie. Wheelsets are subjected to
stochastic excitation caused by irregularities of the track geometry and/or caused by deterministic excitation from
polygonalized running surface of the wheels, respectively. Stochastic irregularities are understood as stationary
stochastic process described by spatial power spectral density functions. The polygonalization process forms ra-
dial irregularities of the running surface which can be described by of a harmonic function depending on order
of the wheel polygonalization. The optimization method is based on minimization of several types of objective
functions suitable for optimization from the dynamic load point of view of exposed linkage.
c   2009 University of West Bohemia. All rights reserved.
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1. Introduction
Modern high-speed railway vehicle show some dynamic phenomena characterized by frequen-
cies in the mid-frequency range. To described these phenomena conventional models on the
basis of rigid multibody-systems [5] are not sufﬁcient.
Detailed models of railway vehicle components were presented for example in the paper [3]
and there cited papers. None of mentioned works contains complex and detailed models of
railway vehicle bogie respecting spatial vibrations of all bogie components and visco-elastic
couplings among them e.g. gearing, clutches, supports of engine stators and of gear housings
to bogie frame, elastic wheelset axles and ﬂexible wheels etc.
This article presents the complex mathematical model of the railway vehicle bogie with
two individual wheelset drives (Fig. 1) of the electric locomotive developed for speeds about
200 km/h by the company ˇ SKODA TRANSPORTATION s.r.o. The model respects spatial
vibrations of all drive components as a consequence of soft supports of engine stators and of
drive housings of both individual drives (ID1, ID2) to bogie frame (BF) by rubber silent blocks.
Their centres of elasticity are designated A1,B 1,C 1 (for ID1) and A2,B 2,C 2 (for ID2). An
elasticity of composite hollow shafts embracing the wheelset axles as well as the elasticity of
wheelsets moving on visco-elastic railway balast are taken into account.
Themainaimofthisarticleistopresentan originalmethodoftheoptimizationofthechosen
design bogie parameters from the dynamic load point of view of exposed linkage expressed by
vertical dynamic forces acting between rails and wheels and by dynamic forces transmitted by
rubber silent blocks. Excitations by track irregularities [7] and polygonalized running surfaces
of the wheels [3] are considered.
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Fig. 1. Scheme of the boogie
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Fig. 2. Scheme of the elastic wheel
2. Mathematical model of the bogie
The development of the linearized mathematical model of the bogie (Fig. 1) with rigid wheels
was written in the contribution [9] and detailed in the research report [10]. Elastic wheels
reduce the unsprung mass and isolate the bogie frame from the excitation caused by the wheel
and rail interaction. The radial and lateral elastic wheels, specially with a composite material,
consists of very stiff parts like the rim and the disc, and a relatively soft connection between
both parts. Therefore the wheel rims and the wheel discs can be considered as rigid bodies [3].
The ﬂexible connection in between can be represented in coordinate system xi,y i,z i by linear
massless springs (see Fig.2) characterized by radial stiffness kw
y = kw
z , lateral stiffness kw
x,
torsional stiffness kw
xx and bending stiffness kw
yy = kw
zz. Each wheel rim may undergo lateral,
vertical, longitudinal, torsional, yaw and roll motion written by the displacement vector
q
w
i =[ u
w
i ,v
w
i ,w
w
i ,ϕ
w
i ,ϑ
w
i ,ψ
w
i ]
T,i=1 2 ,14 (1)
for ID1 and ID2, where the subscript i corresponds to nodal point (i =1 2 ,14) at the wheelset
axis, to which is ﬁxed wheel on the axis. Displacements of corresponding wheel discs are
expressed by the vector
qi =[ ui,v i,w i,ϕ i,ϑ i,ψ i]
T,i=1 2 ,14. (2)
The mathematical model of the bogie with rigid wheels [9] was derived in conﬁguration
space
q =[ q
T
ID1,q
T
BFCB,q
T
ID2]
T (3)
of dimension 165, where subvectors correspond to three subsystems-individualdrives (ID1 and
ID2) that include couplings among drive components (gearing, disc clutch, composite hollow
shaft, claw clutch, railway balast) and the bogie frame linked by secondary suspension and
dampers with a half of car body (BFCB). The displacement vectors of the individual drives
with elastic wheels are extended into the form
˜ qID1 =
⎡
⎣
qID1
¯ qw
12
¯ qw
14
⎤
⎦ , ˜ qID2 =
⎡
⎣
qID2
¯ ¯ qw
12
¯ ¯ qw
14
⎤
⎦ , (4)
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wherevectorsofnodedisplacementswithonebar correspondtowheel rimsofID1 and withtwo
bars to wheel rims of ID2, respectively. A contribution of the wheel rims to mass and stiffness
matrix of the subsystem ID1 (similarly for ID2) can be derived from Lagrange’s equations on
the basis of their kinetic Ew
k and potential Ew
p energy including inﬂuence of track structure
E
w
k =
1
2
(˙ ¯ q
w
12)
TMw ˙ ¯ q
w
12 +
1
2
(˙ ¯ q
w
14)
TMw ˙ ¯ q
w
14 +
1
2
mR(˙ v
w
12 − ˙ Δ1)
2 +
1
2
mR(˙ v
w
14 − ˙ Δ2)
2 , (5)
E
w
p =
1
2
(¯ q
w
12 − q12)
TKw(¯ q
w
12 − q12)+
1
2
(¯ q
w
14 − q14)
TKw(¯ q
w
14 − q14)+
+
1
2
kR(v
w
12 − Δ1)
2 +
1
2
kR(v
w
14 − Δ2)
2 , (6)
where the mass and stiffness matrices of the wheel rim is
Mw =d i a g( mw,m w,m w,I w0,I w,I w), Kw =d i a g( k
w
x ,k
w
y ,k
w
z ,k
w
xx,k
w
yy,k
w
zz)
and damping matrix Bw has the same structure as the stiffness matrix Kw. The whole track
structure (rail, railpad, sleeper and balast) is reduced to a single mass-spring-damper system [4]
deﬁned by mass, stiffness and damping parameters mR,k R,b R. The wheelset kinematic exci-
tation by vertical track irregularities and/or polygonalized running surface of the wheel rims is
expressed by deviations Δj (for ID1 j =1 ,2 and for ID2 j =3 ,4 — see Fig. 1).
In the conﬁguration space deﬁned by the vector of generalized coordinates
q =[ ˜ q
T
ID1,q
T
BFCB, ˜ q
T
ID2]
T (7)
of dimension 189, the mathematical model of the bogie has the form (detailed in [9], [10])
M¨ q(t)+B ˙ q(t)+Kq(t)=fG + fE( ˙ q)+fR,W(q, ˙ q,t), (8)
where matrices have the block-diagonal structure
M =d i a g(˜ MID,MBFCB, ˜ MID),
B =d i a g(˜ BID,BBFCB, ˜ BID)+BD,BF + BW,BF , (9)
K =d i a g(˜ KID,KBFCB, ˜ KID)+KD,BF + KW,BF
corresponding to subsystems. With respect to matrices of the bogie with rigid wheels [9], mass,
damping and stiffness matrices ˜ MID, ˜ BID, ˜ KID, of the individual drives without linkages at
the bogie frame are extended by 24 DOF number corresponding to wheel rim displacements.
Matrices BD,BF and KD,BF describe the support of engine stators with gear housings to the
bogie frame in silent blocks. Matrices BW,BF and KW,BF describe dampings and stiffnesses
of the primary suspension at points T7 to T10 (damping) and P5,P 6,P 9,P 10 (stiffness) and the
longitudinalwheelsetguidebetween journalboxesandthebogieframeat pointsP7,P 8,P 11,P 12
(see Fig. 1). The vector fG expresses all gravitational forces and the vector fE( ˙ q) expresses the
enginedrivingtorques. The vectorfR,W(q, ˙ q,t) includes contact forces between rails and wheel
rims depends on operational parameters, displacements and velocities of wheel rims and track
or wheel surface deviations Δj(t),j=1 ,2,3,4.
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3. Linearized mathematical model of the bogie
To optimize bogie design parameters we neglect lateral track irregularities. The engine torques
and creep characteristics will be linearized in the neighbourhood of the static equilibrium. Let
us suppose an operational state of the railway vehicle running along the kinematically exact
straight track in static equilibrium which is given by longitudinal creepage s0 of all kinemati-
cally exact rim wheels, by forward vehicle velocity v and by vertical wheel forces N0.T oa l l
mentionedoperational parameters correspond engine torques and only longitudinalcreep forces
at the contact between rails and wheels given by
M(s0,v)=2 μ0N0r0
1
p
,T 0 = μ0N0 , (10)
where μ0 = μ(s0,v) is longitudinal creep coefﬁcient [2, 8], p =
ωE
ωw is speed ratio and r0 is
the wheel radius in the central position. If the static equilibrium is disturbed by any possible
excitationsources, thebogievibrates and thevectorof generalized coordinatescan be expressed
as a sum of static and dynamic (perturbance) displacements
q(t)=q0 +Δ q(t), (11)
wherebeforethedisturbance, thevelocityvector ˙ q0 hasonlynonzerocoordinatescorresponding
to rotation of wheelset drive components. Linearized engine torque characteristics, longitudinal
creep coefﬁcients and vertical wheel forces can be expressed as
M = M0(s0,v) − bEΔ˙ ϕ1 , (12)
μ(si,v)=μ0 +
 
∂μ
∂si
 
si=s0
(si − s0),i=1 2 ,14, (13)
Ni = N0 + mR(¨ Δj − Δ¨ v
w
i )+bR( ˙ Δj − Δ˙ v
w
i )+kR(Δj − Δv
w
i ), (14)
where values denoted with Δ correspond to perturbance general coordinates Δq(t). The sub-
script j =1corresponds to wheelset node i =1 2and j =2to i =1 4of ID1 and j =3to
i =1 2and j =4to i =1 4of ID2, respectively. Longitudinal creepages of wheels are deﬁned
by
si = s0 +
±Δ˙ ww
i ∓ riΔ˙ ϕw
i
v
,i=1 2 ,14. (15)
Upper signs correspond to wheelset of ID1 and lower signs to wheelset ID2. Lateral creep
forces Aiad and spin torque Miad are calculated using Kalker’s coefﬁcients [5] computed for
constant vertical wheel force N0 in [9].
After expressing the engine torques according to (12) and linearization of longitudinalcreep
forces Tiad = μ(si,v 0)Ni using (13) to (15) for r = r0, Δ ˙ q(t)=0, Δj =0the vectors of all
external forces on right side of equations (8) can be written in the following form
fG + fE( ˙ q)+fR,W(q, ˙ q,t)=f0 − [BE + Bad(s0,v)]Δ ˙ q(t)+f(t). (16)
The vector f0 = Kq0 expresses static force effects before the disturbance by track or wheel
surfaces irregularities. The diagonal matrix BE is determined by the inclination bE of engine
torques characteristics and the nonsymmetrical matrix Bad(s0,v) express the inﬂuence of the
linearized creep forces between wheels and rails. The creep forces depend on longitudinal
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creepage s0 deﬁning the equilibrium state before the disturbance and on the vehicle velocity
v. The excitation vector f(t) has non-zero components fj on position corresponding to vertical
displacements of the wheel rims vw
i , i =1 2 ,14for ID1 and ID2 in the general coordinate vector
q(t) (here 81, 87, 179, 185). They fulﬁll
fj = mR ¨ Δj(t)+bR ˙ Δj(t)+kRΔj(t),j=1 ,2,3,4. (17)
The model (8) using (11) and (16) can be written in perturbance coordinates Δq(t) in the
neighbourhood of the static equilibrium as
MΔ¨ q(t)+[ B + BE + Bad(s0,v)]Δ ˙ q(t)+KΔq(t)=f(t). (18)
4. Optimization in term of dynamic response excited by track irregularities
The track irregularities can be understood as stationary stochastic process described by spa-
tial power spectral density (PSD) function [6] S(F) depends on spatial frequency F =
1
λ
given in cycle parameter (λ is a wavelength). Several track measurements along the track have
shown that S(F) can be approximately expressed in the log-log coordinate system by piecewise
straight line [1] in the analytical form
S(F)=Si
 
F
Fi
 κi
,F∈  Fi,F i+1 ,κ i =
log
Si+1
Si
log
Fi+1
Fi
(19)
and Si (Si+1) are PSD values for spatial frequencies Fi (Fi+1).
The spatial PSD must be transformed into the standard PSD depending on frequency of the
waves f = vF [Hz] in the form [5]
S(f)=
1
v
Si
 
f
vFi
 κi
,f∈  fi,f i+1 , (20)
where v[ms−1] is the vehicle forward velocity.
The linearized model (18) can be rewritten after Fourier transformation into the frequency
domain
{−ω
2M +i ω[B + BE + Bad(s0,v)] + K}Δq(ω)=zR(ω)Δ(ω), (21)
where in accordance with (17) the complex reduced track stiffness is
zR = −ω
2mR +i ωbR + kR (22)
and for the time shift Δt = l
v, determined by vehicle velocity v and wheelbase of the bogie l,
the vector of Fourier transformations of the rail deviations is
Δ(ω)=[ ...Δ1(ω)...Δ2(ω)...Δ2(ω)e
iωΔt...Δ1(ω)e
iωΔt]
T . (23)
The Fourier transformation of an arbitrary dynamic displacements is
Δqi(ω)=Gi,1(ω)Δ1(ω)+Gi,2(ω)Δ2(ω),i=1 ,...,189, (24)
where the corresponding frequency response functions are
Gi,1(ω)=zR(ω)[gi,81(ω)+gi,185(ω)e
iωΔt],G i,2(ω)=zR(ω)[gi,87(ω)+gi,179(ω)e
iωΔt] (25)
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and gi,j(ω) are elements of frequency response function (FRF) matrix
G(ω)={−ω
2M +i ω[B + BE + Bad(s0,v)] + K}
−1 . (26)
The subscripts i correspond to general coordinates and subscript j (here 81, 87, 179, 185) to
vertical displacements of the wheel rims in q(t). The vertical irregularities of the rails along the
track can be understood as an ergodic Gaussian process with zero mean values [3] and the cross
correlation between the rail irregularities Δ1 and Δ2 equates to zero.
The dynamic force vectors transmitted by silent blocks can be expressed in the form
Δfj(t)=KjΔq1(t)+BjΔ ˙ q1(t) − KjBFΔqBF(t) − BjBFΔ ˙ qBF(t), (27)
where matrices
Kj =[ Kt KtR
T
j ], KjBF =[ Kt KtR
T
jBF]
are determined by diagonal stiffness matrix Kt of one silent block and skew-symmetric matri-
ces Rj (RjBF) are determined by coordinates of elasticity centre of silent blocks in coordinate
system x1,y 1,z 1 (xBF,y BF,z BF) and Δq1(t)(ΔqBF(t)) is the vector of disturbance coordi-
nates of mass centre S1 (SBF). Providing that the damping of silent blocks is proportional with
coefﬁcient β, the Fourier transform of the Δfj(t) is
Δfj(ω)=( 1+i ωβ)[KjΔq1(ω) − KjBFΔqBF(ω)] (28)
and can be rewritten, with regard to (24), into
Δfj(ω)=gj,1(ω)Δ1(ω)+gj,2(ω)Δ2(ω),
where gj,1(ω) and gj,2(ω) are vectors of frequency response functions of dimension 3. Their
PSD are
Sj = Gj(ω)SΔ(ω)G
H
j (ω),j= A1,B 1,C 1,A 2,B 2,C 2 , (29)
where
Gj(ω)=[ gj,1(ω) gj,2(ω)] ∈ C
3,2 , SΔ(ω)=d i a g( SΔ1(ω),S Δ2(ω))
and superscript H denotes the transposition of conjugate matrix.
Let the aim of a optimization of the design parameters p =[ pi] be a suppression of the
forces transmitted by the silent blocks. The sufﬁcient objective function is
ψ(p)=
  
j
 
k
ST
j (p,f k)Sj(p,f k), (30)
where the frequency range in Hz is divided with chosen step Δf [Hz] and holds
fk = fmin + kΔf,k=0 ,1,...,
fmax − fmin
Δf
. (31)
Especially a minimization of vertical wheel forces has a dominant interest to vertical dy-
namic of railway vehicles. According to (14) the Fourier transform of their dynamic compo-
nents acting to wheelset ID1 is
ΔNi(ω)=zR(ω)[Δj(ω) − Δv
w
i (ω)] for i =1 2 ,j=1a n di =1 4 ,j=2. (32)
44Z. Hlav´ aˇ c et al. / Applied and Computational Mechanics 3 (2009) 39–50
According to (25) frequency response functions for instance between vertical wheel forces act-
ing in node 12 on the wheelset of ID1 and rail vertical irregularities can be written as
¯ G12,1(ω)=zR(ω)[1 − G81,1(ω)], ¯ G12,2(ω)=−zR(ω)G81,2(ω), (33)
where subscript 81 corresponds to vertical displacement vw
12 of the wheel rim with the centre
in mode 12. The PSD of the vertical wheel forces depending on frequency f = ω
2π in Hz are
calculated on the basis of PSD vertical rail irregularities in the form
SNi(f)=SΔ1(f)| ¯ Gi,1|
2 + SΔ2(f)| ¯ Gi,2|
2 ,i=1 2 ,14. (34)
The upper limits of state dynamic values can be calculated by algebraic sum of static values and
corresponding standard deviations as follows [11]
Ni = N0 + ξσNi, where σ
2
Ni =2
  ∞
0
SNi(f)df, ξ =2÷ 3, (35)
the sufﬁcient objective function for minimization of vertical wheel forces is
ψ(p)=
 
i
 
k
SNi(p,f k) (36)
in the frequency range deﬁned in (31).
5. Optimization in term of dynamic response excited by polygonalized running surface of
the wheels
The polygonalization process forms radial irregularities of the running surface of the wheels
which can be described by harmonic components with frequencies [3]
ωm =
vm
r
,m=2 ,3,..., (37)
where v is the vehicle forward velocity, r is the averaged wheel radius and m is so called order
of the wheel polygonalization. The excitation vector in model (18) caused by polygonalization
can be expressed in the complex form
f(t)=
 
m
zR(ωm)Δme
iωmt , (38)
where the complex reduced track stiffness is given by expression (22) for ω = ωm and the
vector of complex amplitudes of irregularities is
Δm =[ ...Δ1me
iδ1m ...Δ2me
iδ2m ...Δ3me
iδ3m ...Δ4me
iδ4m ...]
T . (39)
Radial irregularities of the wheels corresponding to polygonalizationof order m are determined
by their amplitudes Δjm and phases δjm. Non-zero components of vectors Δm are on positions
corresponding to vertical displacements of the wheel rims in q(t).
The steady dynamic bogie displacements in the complex form are
Δq(t)=
 
m
q(ωm)e
iωmt (40)
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with complex amplitudes
q(ωm)=zR(ωm)G(ωm)Δm =[ qi(ωm)], (41)
where FRF matrix has the form (26) for ω = ωm. The steady dynamic force vectors transmitted
by silent blocks according to (27) and (28) are expressed as
Δfj(t)=
 
m
(1 + iωmβ)[Kjq1(ωm) − KjBFqBF(ωm)]e
iωmt , (42)
where q1(ωm) and qBF(ωm) are subvectors of q(ωm) corresponding to mass centres of the
engines and mass centre of the bogie frame displacements.
The steady dynamic vertical wheel forces according to (14) are expressed as
ΔNi(t)=
 
m
zR(ωm)[Δjme
iδ1m − Δv
w
i (ωm)]e
iωmt,i=1 2 ,j=1a n di =1 4j =2. (43)
From the viewpoint of the dynamic loading of the silent block j (j = A1,B 1,C 1,A 2,B 2,C 2)
the sufﬁcient objective function can be formulated as the weighted sum of the global forces
transmitted by the chosen silent block
ψ(p)=
 
m
gm
 
j
 
k
 
fH
j (p,m,v k)fj(p,m,v k), (44)
where in accordance with (42) the force vectors of complex amplitudes
fj(p,m,v k)=( 1+i ω
(k)
m β)[Kjq1(p,ω
(k)
m ) − KjBFqBF(p,ω
(k)
m )] (45)
are calculated in the frequency range
ω
(k)
m =
vkm
r
,v k =0 ,1,...,
vmax − vmin
Δv
(46)
and for current optimization parameters p.
Analogous to minimization of the silent block dynamic loading we can formulate the objec-
tive function for the minimization of the vertical wheel forces
ψ(p)=
 
m
gm
 
i
 
k
|Ni(p,m,v k)|, (47)
where in accordance with (43) complex amplitudes of the forces
Ni(p,m,v k)=zR(ω
(k)
m )[Δjme
iδjm − v
w
i (p,ω
(k)
m )],i=1 2 ,j=1a n di =1 4 ,j=2 (48)
are calculated in the frequency range deﬁned in (46) and for current optimization parameters p.
6. Application
The presented methodology and developed software in MATLAB code was tested, among other
problems, for minimization of the vertical wheel forces acting on the wheelset of ID1. Four
design parameters
p =[ k
w
y ,k
w
yy,b R,k R]
T (49)
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were chosen as the optimization parameters. They were constrained by lower and upper ratios
limits (marked by bar) with respect to reference values kw
y =7· 109Nm
−1 (radial stiffness
of all wheels), kw
yy =1 0 8Nmrad
−1 (bending stiffness of all wheels), bR =8· 104Nm
−1 s
(damping coefﬁcient of the track structure [6]), kR =8· 107 Nm
−1 (stiffness of track structure
[6]). Applied constraints are
¯ pL < ¯ p < ¯ pU , (50)
where ¯ pL =[ 0 .5,0.5,0.2,0.2]T and ¯ pU =[ 2 ,2,5,5]T.
The ﬁrst presented optimization problem was deﬁned by the objective function in the form
(36) for the excitation by track vertical irregularities described by spatial PSD of left SΔ1(F)
and right SΔ2(F) rails measured along the track lengthwise 4km with step 0.5m obtained in
cooperation with ˇ SKODA TRANSPORTATION s.r.o. [12]. The coordinates of the breakpoints
ofthe piecewisestraight lines approximatingthe mentionedPSD are introduced in [11] (Tab. 1).
We assume the operational parameters s0 =0 .002; v = 200km/h and N0 =1 0 5N correspond-
ing to bogie’s static equilibrium before disturbance by running of the bogie frame at the real
track. The frequency range of the PSD in the objective function (36) was chosen according to
(31) fmin =1H z , fmax =5 0H zwith step Δf =1Hz.
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Fig. 3. Power spectral densities of the vertical wheel forces
As an illustration in Fig.3 we show the PSD of the vertical wheel forces N12 and N14 before
and after optimization. The corresponding values of theobjectivefunctions, standard deviations
and relative optimization parameters before and after optimization are summarized in Table 1.
Table 1. Starting and achieved values of the vertical wheel forces optimization for excitation by track
irregularity
state ψ(p) σN1 σN2 kw
y kw
yy bR kR
before 8.98 · 109 2.35 · 105 1.68 · 105 1 1 1 1
after 3.58 · 108 0.47 · 105 0.34 · 105 1 2 0.2 0.2
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Fig. 4. Amplitude characteristics of the vertical wheel forces
The second presented optimization problem was deﬁned by the objective function in the
form (47) for the excitation by polygonalized wheel running surfaces and vertical wheel forces
N12 and N14 acting on the wheelset of ID1. Measurements made by the German railroad com-
pany Deutsche Bahn [3] show that dominant polygonalizations are of 3rd and 4th order and can
be approximated by harmonic functions with an amplitude Δjm =0.3[mm] and for δjm =0
(j =1 ,2,3,4). A method and software testing has been developed for weight coefﬁcients
g3 =1and g4 =1separately (other weight coefﬁcients are zero) in velocity range vmin =5 0 ,
vmax = 200, Δv =2[km/h].
As an illustration, in Fig. 44 we show the amplitude characteristics of the vertical wheel
force N12 before and after optimization for polygonalization of 3rd order and 4th order. The
corresponding values of the objective functions, maximal values of vertical wheel force and
relative optimization parameters before and after optimization are summarized in Tab. 2. Main
resonances characterized by vertical wheelset vibrations on vehicle velocity v ≈ 183[km/h]
(for m =3 )a n dv ≈ 137[km/h] (for m =4 ) were eliminated.
The minimization of the objective function (44) and (47) was realized in code MATLAB
by a simplex method. The total computational time (at Workstation HP xw4300) for four opti-
mization parameters deﬁned in (49) was approximately 80s. The computational time increases
approximately with square power of the optimization parameter number.
Table 2. Starting and achieved values of the vertical wheel forces optimization for excitation by wheel
polygonalization
value m=3 m=4
before after before after
ψ(p) 4.96 · 106 1.15 · 106 6.56 · 106 1.15 · 106
N12max 9.6 · 104 1.1 · 104 9.6 · 104 1.6 · 104
N14max 9.4 · 104 1.2 · 104 9.4 · 104 1.7 · 104
kw
y 1 1.99 1 0.5
kw
yy 1 0.5 1 0.59
bR 1 .80 1 0.47
kR 1 0.2 1 0.2
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7. Conclusion
This paper presents an original methodology of parametric optimization of the railway vehicle
bogiewithelasticwheels. Theapproach tooptimizationisbased on themathematicalmodelling
of the bogie in perturbance coordinates with respect to operational state of static equilibrium
and on the calculation of the dynamicresponse caused by geometricirregularities of the track or
running wheel surfaces. Two types of objective functions has been formulated for the problem
of dynamic load minimization. The ﬁrst type is based on power spectral density functions and
the second type on amplitude characteristics of the dynamic forces transmitted by rubber silent
blocksbetween enginestators with gear housingsand the bogieframe and the dynamicforces in
contact between rails and wheels in a vertical direction. These couplings transfer great dynamic
forces caused by considered kinematic excitation which essentially inﬂuences a service live of
the wheelsets, rails and support of engine stators.
The developed software in MATLAB code enables to choose different design parameters as
the optimization parameters and a minimization of arbitrary displacements and accelerations of
bogie components and forces transmitted by different couplings. In a close future, the multicri-
terial objective functions will be used for optimization of bogie design parameters.
Acknowledgements
Thispaperincludesamethodologyofanoptimizationdevelopedwithintheframeworkofthere-
search project MSM 4977751303 and application results from the Research Project 1M0519 —
Research Centre of Rail Vehicles supported by the Czech Ministry of Education.
References
[1] M. Balda, Study of behaviour of the railway bogie with nonlinear couplings during driving along
random track irregularities, Inaugural disertation, University of West Bohemia, Plzeˇ n, 1993, (in
Czech).
[2] M. Byrtus, V. Zeman, Z. Hlav´ aˇ c, Modelling and modal properties of an individual wheelset drive
of a railway vehicle, Sborn´ ık XVIII. mezin´ arodn´ e konferencie S´ uˇ casn´ e probl´ emy v kolajov´ ych
vozidl´ ach – PRORAIL2007, ˇ Zilina.
[3] H. Claus, W. Schiehlen, System Dynamics of Railcars with Radial and Laterelastic Wheels, in
System Dynamics and Long Term Behaviour of Railway Vehicles, Track and Subgrade (K. Popp
and W. Schiehlen eds.), Springer, 2003, pp. 65–84.
[4] V. Feldman, E. Kreuzer, F. Pinto, V. Schlegel, Monitoring the dynamic of railway track by means
of the Karhunen-Loeve-transfomation, in System Dynamics and Long Term Behaviour of Railway
Vehicles, Track and Subgrade (K. Popp and W. Schiehlen eds.), Springer, 2003, pp. 231–246.
[5] V. Garg, R. Dukkipati, Dynamics of railway vehicle systems, London Academic Press, 1984.
[6] K. Knothe, M. Yu, H. Ilias, Measurement and Modelling of Resilient Rubber Rail-Pads, in System
Dynamics and Long Term Behaviour of Railway Vehicles, Track and Subgrade (K. Popp and
W. Schiehlen eds.), Springer, 2003, pp. 265–274.
[7] K. Popp, W. Schiehlen, Fahrzeugdynamik, B. G. Teubner, 1993.
[8] V. Zeman, Z. Hlav´ aˇ c, M. Byrtus, Modelling and modal properties of a railway vehicle wheelset
drive with a hollow shaft, Proceedings of the Conference Engineering Mechanics 2007, Svratka,
pp. 38–39, (full paper on cd-rom).
49Z. Hlav´ aˇ c et al. / Applied and Computational Mechanics 3 (2009) 39–50
[9] V. Zeman, Z. Hlav´ aˇ c, M. Byrtus, Modellig and modal properties of the railway vehicle bogie with
two individual wheelset drives, Applied and Computational Mechanics, 1 (1) (2007) 371–380.
[10] V. Zeman, Z. Hlav´ aˇ c, M. Byrtus, Modelling of the wheelset drive vibration of the 109E type
locomotive, Research report n. H2, H9-U6-01/2006, Research Centre of Rail Vehicles, Plzeˇ n,
2007, (in Czech).
[11] V. Zeman, Z. Hlav´ aˇ c, M. Byrtus, Dynamic analysis of the railway vehicle bogie, Proceedings
of the Conference Engineering Mechanics 2008, Svratka, pp. 284–285, (full paper on cd-rom
pp. 1231–1240).
[12] V. Zeman, Z. Hlav´ aˇ c, M. Byrtus, J. Dupal, Modelling of the bogie vibration of the 109E type
locomotive, Research report n. H2+H9/2007, Research Centre of Rail Vehicles, Plzeˇ n, 2008, (in
Czech).
50